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OUTLINE

e What we do in CDRH/OSEL/DIDSR
* Device Regulations

e Software as a Medical Device (SaMD)

— Al/ML development and assessment
 DIDSR Al/ML research areas
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INTRODUCTION

e Center for Device and Radiological Health

— Office of Science And Engineering Labs

e Division of Imaging, Diagnostics and Software Reliability

1/29/2020 4



FDA CAMPUS

Silver Spring, MD
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CDRH IN PERSPECTIVE

Medical Devices
On the U.S. Market
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CDRH MISSION

.. protect and promote the health of the public by ensuring the safety and
effectiveness of medical devices and the safety of radiation-emitting electronic

d. products...

We facilitate medical device innovation by advancing
regulatory science, providing industry with
predictable, consistent, transparent, and efficient
regulatory pathways, and assuring consumer
confidence in devices marketed in the U.S.
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Labs and Offices
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OSEL IN PERSPECTIVE

400,

Peer reviewed presentations,
articles, and other public disclosures

55,000 ft?

Lab facilities

70%

Staff with post
graduate degree
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WHAT OSEL DOES

e Conduct laboratory-based regulatory research to facilitate
development and innovation of safe and effective medical devices and
radiation emitting products

* Provide scientific and engineering expertise, data, and analyses to
support regulatory processes

e Collaborate with colleagues in academia, industry, government, and
standards development organizations to develop, translate, and
disseminate science and engineering-based information regarding
regulated products
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WHY OSEL IS SO IMPORTANT

Assessment based on review
of premarket submission
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decision launch monitoring
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DIDSR IN PERSPECTIVE

145,...

Peer reviewed articles, code and
presentations

~15,000 ft?

DIDSR Lab and facilities
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FOA

DIDSR

e Conducts laboratory research across a wide variety of imaging & diagnostic devices
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) FDA
DIDSR’S OVERARCHING RESEARCH GOALS .

e Develop least burdensome approaches to clinical trials
for imaging and big-data devices

— Methods that account for reader variability, imperfect or
missing reference standards, limited data for training and
testing of machine classifiers, etc.

 Develop measures of technical effectiveness of imaging
and big-data technologies as surrogates for clinical trials

— Phantoms, lab measures, and computational models
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DEVICE REGULATIONS OVERVIEW
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CDRH MISSION

 Protect and promote the health of the public by ensuring the
safety and effectiveness of medical devices and the safety of
radiation-emitting electronic products
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FDA
DEVICE CLASS & PRE-MARKET REQUIREMENTS .

Premarket Review

Device Class Controls Process
Class | General Controls Most are exempt
(lowest risk)
Class Il General Controls Premarket Notification [510(k)]
Special Controls De Novo
Class Il General Controls Premarket Approval [PMA]

(highest risk) Premarket Approval
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FDA
DEVICE CLASS & PRE-MARKET REQUIREMENTS .

Device Class

Premarket Review
Process

Class |
(lowest risk)

Class |l

Class Il
(highest risk)

Demonstrate substantial equivalence to

predicate device Most are exempt

General Controls Premarket Notification [510(k)]
Special Controls De Novo
General Controls Premarket Approval [PMA]

Premarket Approval
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FDA
DEVICE CLASS & PRE-MARKET REQUIREMENTS .

Premarket Review
Process

Device Class

Means for new device, without a valid
predicate, to be classified into Class | or |l

Class | Most are exempt

(lowest risk)

Class I General Controls Bﬁmarket Notification [510(k)]
Special Controls De Novo

Class Il General Controls Premarket Approval [PMA]

(highest risk) Premarket Approval
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FDA
DEVICE CLASS & PRE-MARKET REQUIREMENTS .

Premarket Review

Device Class Controls Process

Class | —(anacal Lantcals Most are exempt

(lowest risk)
Demonstrate reasonable assurance of

safety and effectiveness

Class I Premarket Notification [510(k)]
JPCUIGI CUITILT VIO e NOVO

Class Il General Controls Premarket Approval [PMA]

(highest risk) Premarket Approval
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IVIEDICAL DEVICES By CLASS

Class lI Class Il
CT, MR, US imaging systems  Novel Imaging systems (DBT)
Any imaging Al/ML Leadless Pacemakers
Some IVD tests Some Al/ML

1/29/2020 Some VD Tests o)



SOFTWARE AS A MEDICAL DEVICE (SAMD)
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IMDR International Medical
Device Regulators Forum

 |[MDRF conceived 2011 as a forum to discuss future
directions in medical device regulatory harmonization

e Voluntary group of medical device regulators from
around the world ... to accelerate international medical
device regulatory harmonization and convergence
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SOFTWARE AS A MEDICAL DEVICE (SAMD) i

“Software as a Medical Device” (SaMD) is defined as software intended to be
used for one or more medical purposes that perform these purposes without being
part of a hardware medical device.’

SaMD Algorithm

SaMD inputs \ SaMD output

Algorithm, Inference

Data Types engine, Equations,
LData Types . .
Analysis engine
M odelv bas edglo ic Intended Use for
Lab results, medical images, BIC, Medical Purpose
symptoms, genomic data, AI/ML, etc. (Inform, Drive,
environmental signals, Pictures, Di
’ ’ iagnose, Treat
activity data, phenotype data, IVD %8 ! )
instrument results, patient P
demographic information, progress Reference data,
notes, vital signs, medications Knowledge base,
diagnoses, immunization dates, Rules,
\ allergies, etc. / Criteria, etc.

7

Shttp://www.imdrf.org/workitems/wi-samd.asp

| ional Medical
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http://www.imdrf.org/workitems/wi-samd.asp

SAMD EXAMPLES

* Treatment planning software for radiation therapy

* Image display and processing software tools (PACS software)

e Software that detect lesions/conditions from diagnostic medical images

e Software that diagnoses lesions/conditions from diagnostic medical images

e Software making treatment recommendations from diagnostic images

1/29/2020 25



IMDRF WORKING TOWARD GLOBAL CONVERGENCE
IN CHARACTERIZING SAMD

Definition
Saftware intended ta be used for ane or
more medicol purposes thet perform
these purposes without being port of o
hardware medical device

|

{

-/
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QMS control
- Translating
Software
development
practices to
regulatory

2017 - SaMD
Clinical
Evaluation

- Generating
evidence for
clinically
meaningful
SaMD

International Medical
Device Regulators Forum



IMDRF SAMD: CLINICAL EVALUATION

 Adopted as FDA guidance in 2017

— FDA adopted the converged
principles of IMDRF in our

evolving approach to SaMD
review Guidance for Industry and

Food and Drug Administration Staff

Software as a Medical Device (SAMD):
Clinical Evaluation

Document issued on December 8, 2017.
The draft of this document was issued on October 14, 2016.

For questions about this document, contact the Office of the Center Director at 301-796-6900
or the Digital Health Program at digitalhealth@fda.hhs.gov.

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance
/guidancedocuments/ucm524904.pdf 3} IMDREF 55 s stere 2o
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https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm524904.pdf

SAMD RISk CATEGORIES

Increasing Significance

Significance of Information Provided by
State of SaMD to Healthcare Decision

Healthcare
Situation or
Condition

Critical 1\ n 1
Serious 1] 1 |

Increasing criticality>

Non-Serious 1| | |
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FOA

SAMD: CLINICAL EVALUATION

Clinical Evaluation

Valid Clinical Association

Does use of your SaMD’s

Is there a valid clinical . . .
BRI W —— Does your SaMD correctly accurate, reliable, and precise
SaMD ou tpu t and your process mplll't (;?ta i (;genergte output data achieve your intended
Ja 3 accurate, reliable, and precise o :
SaMD’s targeted clinical | data? PEEE | purpose in your target population
output data: in the context of clinical care?

condition?

Analytical Validation Clinical Validation

* Clinical association is indicator of level of clinical acceptance
— How much meaning and confidence can be assigned to the clinical

significance of the SaMD’s output

29
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SAMD: CLINICAL EVALUATION

Clinical Evaluation

Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended

Is th.ere' a valid clinical Does your SaMD correctly
association between your process input data to generate

SaMD output and your accurate, reliable, and precise
SaMD’s targeted clinical output data?

condition?

purpose in your target population
in the context of clinical care?

 Evidence generation
— Literature
— Professional guidelines
— Secondary data analysis
— Clinical trials/studies

1/29/2020 30



FOA

SAMD: CLINICAL EVALUATION

Clinical Evaluation
Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate
accurate, reliable, and precise

output data?

A 4

purpose in your target population
in the context of clinical care?

e Confirms and provides objective evidence SaMD meet technical
requirements
— Provide evidence that software correctly constructed
— Demonstrate it meets specifications and conforms to user needs

1/29/2020 31




FOA

SAMD: CLINICAL EVALUATION

Clinical Evaluation
Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate
accurate, reliable, and precise

output data?

A 4

purpose in your target population
in the context of clinical care?

e Evidence generation

— Verification and Validation (V & V) testing

» \Verification: objective evidence that specified requirements fulfilled
* \Validations: objective evidence that requirements for specific intended use or application fulfilled

1/29/2020 32




FOA

SAMD: CLINICAL EVALUATION

Clinical Evaluation
Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended
purpose in your target population
in the context of clinical care?

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate

accurate, reliable, and precise
output data?

e Clinical validation measures ability SaMD to yield clinically meaningful output
associated

e Clinically meaningful means positive impact on the health of an individual or
population

172972020 37




SAMD: CLINICAL EVALUATION

Clinical Evaluation

Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended
purpose in your target population
in the context of clinical care?

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate
accurate, reliable, and precise

output data?

 Evidence generation

— Existing data from studies for same intended use

— Existing data from studies for a different intended use
*  Where extrapolation of such data can be justified

— New clinical data for a specific intended use

1/29/2020 35




Al/ML SAMD

Assessment Framework
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INTRODUCTION

o
Al . ARTIFICIAL INTELLIGENCE
- A|g0r|thm that Can Sense’ A program that can sense, reason,

act, and adapt
reason, act or adapt :

ML

— Algorithms who's i
performance is based as they are exposed to more data over time
training with data -

e Deep learning LEARNING

— ML based on multilayer iliesioiulsadich. o

neural network alt s of

*https://towardsdatascience.com/cousins-
1/29/2020 of-artificial-intelligence-dda4edc27b55 28



MANY DEVICES INCORPORATING Al/ML IN MEDICAL IMAGING FUA

Computer-Aided
Classification of Breast
Lesions on Magnetic
Resonance Imaging:
Computer-Aided
Diagnosis (CADx)

Notification of Specialists
for Suspicion of Stroke
on Computerized
Tomography Images:
Radiological Computer
Aided Triage

1/29/2020

Computer-Aided
Detection and
Diagnosis of Fractures
on Radiographs:
CADe + CADx

Detection of Diabetic
Retinopathy on Retina
Fundus Images:
Retinal Diagnostic
Software

39



Al/ML INTERACTING WITH HCPS

e Echocardiography
— Cardiac sonography

acquisition requires training
and skill

— Al can providing naive users
real-time guidance

http://www.thepocusatlas.com/echocardiography
/sgz53ib6vai913wzgyn9qgkhqobioe?

1/29/2020 40



FOA

ASSESSMENT OF IMAGING-BASED Al/ML

[ CO m p u te r‘_a i d e d Guidance for Industry and

Food and Drug Administration Staff

. Computer-Assisted Detection Devices
D ete Ct | 0 n ( CA D e ) Applied to Radiology Images and

Radiology Device Data - Premarket

ML-based disease Notification [S10(k)] Submissions
prompting devices Guidance for

Industry and FDA Staff
Clinical Performance Assessment:
Considerations for Computer-Assisted
Detection Devices Applied to Radiology
Images and Radiology Device Data -
Premarket Approval (PMA) and
Premarket Notification [S10(k)]
Submissions

e FDA CADe Guidance
documents

Document issued on: July 3, 20012

The draft of this document was issued on October 21, 2009,

k (OSEL) at 301-796-2563.
01-796-5857 o1 by e

1/29/2020 *Yamada et al, Radiol 287(1):333, 2018. 41



FUNDAMENTALS OF IMAGE-BASED ML SAMD [N

ASSESSMENT

e Device description
* Data

e Performance assessment
— Standalone performance
— Reader performance (when appropriate)

e Human factors or other information/testing as appropriate
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DEVICE DESCRIPTION

e Device & algorithm descriptions
— Device usage (mode of operation, patient population, ...)

— Algorithm design and function
* Including structure of traditional and deep learning networks
* Inputs
— Type and range of signals/data
e Qutputs

— Training process

— Training/test database
— Reference standard

1/29/2020 43



DATA

e ML algorithms are data-driven
— Versus, for example, physics or biology based

e ML algorithm development now facilitated by standardized ML platforms
— Brings ML to a wider array of users

— The good
e Access to high-quality data streamlines design of novel ML applications

— The bad

e Garbage in - garbage out

ML Features —)[ ML Training

1/29/2020
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PERFORMANCE TESTING

FOA

e Performance of ML algorithm on an independent data
— |deally, identifies problems with training process

Training Data

Independent Test Data

Learning Process /\

Training Set

Tuning Set

|

|

Learned Models

—b[ Selected Model

1/29/2020
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Learned Model ]

(Fixed)

!

Test
Performance
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PERFORMANCE TESTING

e Standalone performance e Clinical reader performance
— Performance of algorithm alone — Assessment of clinical aids
— Assesses robustness and — Clinicians’ performance utilizing
generalizability of algorithm device

e Multi-reader multi-case designs

— standalone e Compare clinician’s performance

Regression Performance 1 i
Analysis with the ML SaMD aid to

without the aid

— Reader
Statistical Performance
Analysis .
(Difference)
Apply Clinical
ML SaMD aided read

Clinical
w/o aid read

Test
Dataset

1/29/2020 46



CADE SAMD EVALUATION

Clinical Evaluation

Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate
accurate, reliable, and precise

output data?

purpose in your target population
in the context of clinical care?

————

e Clinical Association
— Likely from literature, professional guidelines
— Device description used to support clinical association

172972020 77




FOA

CADE SAMD EVALUATION

Clinical Evaluation
Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate
accurate, reliable, and precise

output data?

A 4

purpose in your target population
in the context of clinical care?

e Analytical validation
— Verification and validation testing of software
— Standalone testing may support analytical validation, in part

1/29/2020 a8




CADE SAMD EVALUATION

Clinical Evaluation

Valid Clinical Association Analytical Validation Clinical Validation

Does use of your SaMD’s
accurate, reliable, and precise
output data achieve your intended
purpose in your target population
in the context of clinical care?

e

Is there a valid clinical
association between your
SaMD output and your
SaMD’s targeted clinical
condition?

Does your SaMD correctly
process input data to generate
accurate, reliable, and precise

output data?

e Clinical validation
— Standalone performance
e Establish performance of ML SaMD alone (compared to clinicians)

— Clinical reader performance
* Assess clinical aids provided by ML SaMD

1/29/2020 729




SUMMARY

e Who we are in CDRH
e Introduced to device regulation

— Software as a Medical Device (SaMD)
— Assessment framework imaging-based ML

1/29/2020 50



DIDSR INTERNSHIP AVAILABLE

e Postdoctoral fellowships and summer internships at
all levels in OSEL/DIDSR

— Al/ML

— Color Quality

— Computational modeling

— Mixed Reality

— Imaging system development
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